Purpose. To evaluate the outcome after resection of m alignant chest wall sarcoma, requiring reconstruction of the chest wall. Subjects. Twenty-two patients, 15 with primary tumours, were operated on in our institution between 1983 and 1996. Four patients underw ent surgery after a previous intralesional or m arginal excision and three patients because of a local recurrence. M eth ods. The tumour was resected`en bloc' , including skin, muscle and thoracic skeleton. When necessary, adjacent organs invaded by the tumour, such as lung, pericardium and diaphragm , were also removed to obtain a wide margin.
Introduction
In recent years, successful surgery has been reported even for advanced malignant chest wall tumours. F ive-year survival rates between 20 and 90% 1± 5 and local recurrence rates of 15± 40% 3, 6 have been achieved. T he key to good long-term results seems to be extensive resection w ith a w ide m argin. Aggressive surgery is possib le if chest wall repair affo rds enough stability and airtight closure. T his m ay be obtained by reconstructing the thoracic cage w ith synthetic m aterials and appropriate soft tissue coverage, often with m yo-cutaneous¯aps. T he present study reviews our experience with the surgical m anagement of chest w all sarcom a requiring reconstruction of chest w all defects.
S ubjects and m ethods
O ur University H ospital is a tertiary referral centre for patients with m usculoskeletal tum ours and serves about 1.5 m illion inhabitants. Between 1983 and 1996, w e operated on 22 patients (13 m en, 9 wom en) for prim ary or locally recurrent chest wall sarcom a requiring reconstruction of the chest wall.
Patients with small sarcom as, w here resection could be perform ed without chest wall repair, are excluded. T he patients had a m edian age of 51 (16± 82) years at the time of surgery. D iagnostic needle or incisional biopsy of the lesion was perform ed in all patients who had not previously undergone surgery, except patient no. 19. T his patient had M b Ollier and the diagnosis of secondary chondrosarcom a was obvious. Fourteen patients had a prim ary skeletal sarcom a and eight had a soft tissue sarcom a. T he m ost com m on type of tum our was chondrosarcom a (12 cases). T wo patients (nos. 5 and 21) developed a sarcom a at the site of previous tissue irradiation, having had a m astectom y 7 and Profylactic antibiotic, cefuroxim , w as adm inistered prior to surgery. T he tum our was resected`en bloc' , including skin, m uscle and thoracic skeleton, w ith an intended m acroscopic tum our-fre e cuff. O ne norm al rib above and one below the m ost cranial and caudal tum our extension w ere included in the specimen. In selected cases, resection included parts of the lung, the pericardium , the diaphragm and the abdom inal wall. In two cases, the arm had to be sacri® ced by a forequarter am putation. D epending on the location and size of the resected chest wall, reconstruction was perform ed w ith Marlex m esh or a Marlex m ethylm ethacrylate`sandwich' . N on-absorbable sutures of heavy calibre were used for ® xation but for the sternum where stainless steel sutures were app lied. If possible, soft tissue was closed per primum , otherw ise m yo-cutaneous¯aps were used, in som e cases w ith additional skin grafting. T wo (nos. 4 and 14) of the ® ve patients w ho did not obtain tumour-free m argins were given postoperative radiotherapy.
All patients w ere followed regularly w ith a physical examination and chest radiograph s. The median duration of follow-up for the surviving 17 patients is 36 (4± 162) m onths.
Results
T he results are shown in Table 1 . T he median hospital stay w as 9 (4± 55) days. T here was no perioperative m ortality.
Five patients were reoperated because of com plications. In two cases (patient nos. 5 and 6), the M arlex m ethylm ethacrylate`sandwich' loosened, due to ruptured sutures between the prosthesis and the ribs. The younger patient m oved a great deal w hile aw akening from the anaesthesia, which m ay have caused the loosening. She was reoperated on after 20 days and a new M arlex m ethylm ethacrylatè sandw ich' was applied. T he other patient also showed signs of early loosening of the prosthesis. Part of the circum ference of this prosthesis was sutured to abdom inal m uscles. A conservative regim e was chosen because of the patient' s old age. H ow ever, skin and soft tissue necrosis developed and was followed by an infection. T he prosthesis was removed and the infection healed. N o reconstructive surgery has since been carried out and the patient now has an abdom inal hernia, w ith m ild discom fort.
Two patients developed soft tissue necrosis over the prosthesis after about two weeks. O ne patient (no. 21) required surgery in irradiated tissue (14 years after treatm ent for breast cancer) and was successfully reoperated w ith a m yo-cutaneous rectus abdom inis¯ap. The other patient (no. 18) with a generalized m alignancy underwent a palliative prim ary resection due to a huge chest w all chondrosarcom a, causing severe sym ptom s and was reoperated with a new fasc io-cutaneous¯ap, w ithout further local com plications.
Patient no. 17 (our ® rst patient) w as reoperated during the ® rst postoperative night because of a haem orrhage. The source of bleeding w as the left ventricle of the heart, w here the acrylate prosthesis came in contact with the epicardium, causing an effect like sandpaper, since the pericardium had been rem oved en bloc w ith the tum our. T he great om entum was interposed to rem edy this.
Seven patients developed local recurrences, all con® rm ed by tissue sam ples, and 5 of these (nos. 
D iscussion
Sarcom a of the chest wall presents a therapeutic dilem m a, if allow ed to becom e large prior to surgery. A tumour-free m argin for a chest wall sarcom a m ay require resection of several ribs and adjacent soft tissue and effo rts m ust be m ade to restore chest wall stability and function. Reconstruction is essential for large anterior and lateral defects to prevent paradoxical respiration, but is generally not required for defects in the thoracic apex or sub-scapular region. A rigid chest wall prosthesis is im portant for preserving pulmonary function. 3, 7 T his m akes early extubation possible and shortens hospitalization.
5,7 M yo-cutaneous¯aps can be used without rigid support, but the risk of prolonging postoperative ventilatory support increases. 7 T hesē aps m ay also becom e m ore¯accid with time. M any synthetic and biological m aterials have been used over the years, including M arlex m esh, Pat. 5 patient number; age 5 age at the time of surgery; f 5 fem ale; m 5 m ale; primary 5 previously not operated; extended 5 reoperation of primary tumour; previous operation considered not radical; recurrent 5 local recurrent sarcoma; reconstruction 5 type of prosthesis used; fqa 5 fore-quarter amputation; Goretex used to replace resected diaphragm; H 5 highgrade sarcoma; L 5 low-grade sarcoma; tumour size: largest diameter; follow-up: last ® ve patients deceased*; metastasis 0 5 metastasis present at time of surgery.
prosthesis from riding on an edge of the rib or sternum .
Infection of the prosthesis m ight be a problem . 6 An overall wound infection rate of about 5% has been reported by several authors. If the soft tissue, overlying the prosthesis, is inadequately vascularized, the infection rates increases. 5,10,14 W e experienced only one patient with infection and this occurred after soft tissue necrosis secondary to the pressure of a loose prosthesis. W e have used gentam icin in the cement which m ay have had a positive effect. It is often possible to create soft tissue coverage, by direct closure or by using local m yo-cutaneous aps. Prim ary closure was done in 16 of our patients having deep-seated tumours with no involvem ent of the skin. H owever, in som e cases, with large defects or damaged tissue due to prior radiation therapy, m ore distant m uscle m ust be transposed. 15 W e had one case w ith necrosis of the m yo-cutaneous¯ap in tissue previously radiated because of breast cancer. T his patient healed after a reoperation with transposition of the rectus abdom inis m uscle. Five patients had positive m icroscopic m argins and two of them developed local recurrences. T hree of the ® ve patients died during follow -up because of their m alignancies and another patient was killed in a car accident one year after the operation, without known recurrent disease. The ® fth patient, with Ew ing' s sarcom a, received adjuvant chemotherapy and is free from m alignant disease, m ore than 10 years after surgery. D ifferent com binations of surgery, chemotherapy and radiotherapy are em ployed for m usculoskeletal sarcom as. O steosarcom a (including m alignant ® brous histiocytom a of bone) and Ewing' s sarcom a are com m only treated by preoperative and postoperative chem otherapy whereas chemotherapy for soft tissue sarcom as is controversial. 16 Local radiotherapy, pre-or postoperatively, reduces the local recurrence risk especially when there is tumour in the resection border. T he only independent poor-risk factor known to cause a local recurrence is incom plete tum our resection. 4, 17 D istant m etastases of chondrosarcom a occur in one third of patients who develop local recurrences, but in only 4% of those without local recurrences. 18 Our results provide evidence that a large m alignant tumour of the chest wall can be successfully m anaged w ith low m orbidity and m ortality by wide excision and reconstruction of the chest w all.
